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度实现零反射，这一发现可以用来提高 LSP 传感器的敏感度。近场条件下 FDTD
的模拟结果表明，当光分别从正反两个方向入射时的消光谱谱峰强度的比值等

























































With the rapid development of information society, people demand for
information storage capacity and transmission efficiency also is increasing day by
day. Localized Surface Plasmons(LSP) has an obvious advantage in the miniaturized
and integrated optoelectronic devices, because of the unique properties of
propagation, excitation and localized surface-enhanced electromagnetic field,
including solar cells, photodetectors, the light-emitting diodes (LEDs), fluorescence
enhancement, Surface enhanced Raman scattering (SERS), environmental sensor,
Nanolaser, Nanoatennas etc. We can change the size, shape and the surrounding
medium environment factors of the metal nanostructures, to control the optical
signals on nanoscale. Therefore, the researches on behaviour and applications of
localized surface plasmon near the interface are in great importance. The main
contents of this dissertation were organized as following:
1. The mechanism of asymmetric light reflectance effect based on LSP.
We observed the asymmetric light reflectance phenomenon in metallic NPs
fabricated on quartz substrate. when light incidents from the up side, it reveals a
peak in the reflectance spectrum. While light incidents from the back side, it reveals
a dip around the same wavelength. We studied the phenomenon in theory, and the
result is basically consistent with experimental values and FDTD simulation results.
The difference of the reflectivity when light is incident from different directions
can be attributed to the superposition of waves reflected from metallic NPs and from
the dielectric medium interface. A modified Fresnel coefficient model indicates that
the phase shift of the wave reflected from metal NPs should be π, and the phase shift
is independent of incident direction. Thus the superposition between the reflected
waves from metallic NPs and dielectric medium interface creates either constructive
or destructive interference when light is incident from media with lower or higher
refractive indices, respectively.















achieve zero reflectance via adjusting the density of metal NPs that can enhance the
sensitivity of LSP sensors. Near field FDTD simulation shows that the ratio of the
extinction peak intensities when light is incident from different directions equals the
ratio of the refractive indices of two mediums beside the interface, implying that
when light is incident from the medium with higher refractive index, metallic
nanostructures would have higher coupling efficiency with the incident light. This
behavior can be attributed to the different local driving field according to the Fresnel
equation.
2. The applications of asymmetric light reflectance effect in the far/near field .
In the past few decades, the interference effect of optical thin film is widely
used in detectors, optical lens and glasses. We used a modified Fresnel coefficient
model indicates that the absorption efficiency of ultra thin absorber can be improved
effectively by putting Au NPs in the film. It satisfied the condition of perfect
transmission when light incidents on the interface of substrates, and we control the
thickness of film to realize the condition of perfect reflection, the absorption
efficiency of film can be effectively improved, up to 81%.
Surface Enhanced Raman Scattering (SERS) is caused by the near field
enhancement effect of LSPs, and the Raman spectrum of the nanoparticles or coarse
surface can be significantly enhanced. Our investigation shows that the LSPs
coupling efficiency when light is incident from air can be regulated by separating the
metallic NPs from substrate using a low refractive index thin film. The highest LSPs









.Thus, we provide a general method to optimize the
LSPs coupling efficiency that may improve the performance of LSP based devices
such as photodectors and solar cells.
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图 1-1 表面等离激元的应用领域 (a)LED (b)太阳能电池 (c)光电探测器
(d)SERS检测 (e)生物传感器
1.2 表面等离激元



























图 1-2 TM 波入射下 SPP 沿界面的传播[21]



























































































































































































1 k-,k-   分别是两种物质沿着Z轴的波矢。由
边界连续性条件可得：
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